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(57) ABSTRACT

A wiring pattern having a plurality of terminal lands and leads
independently respectively connected therewith 1s formed on
one face of an insulator of a flexible wiring substrate. The
insulator 1s provided with through-holes whereby the termi-
nal lands are exposed on the other side. The terminal lands are
clectrically connected and fixed on the other face of the 1nsu-
lator by joining with the head terminals of the inkjet head with
conductive adhesive, through the through-holes. Isolation
between the leads and terminal lands arranged on the one side
thereof from the conductive adhesive 1s provided by the 1nsu-
lator.

3 Claims, 5 Drawing Sheets
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CONNECTION STRUCTURE OF FLEXIBLE
WIRING SUBSTRATE AND CONNECTION
METHOD USING SAMLEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a connection structure of a
flexible wiring substrate and a connection method for electri-
cally connecting, through the flexible wiring substrate, an
inkjet head to a circuit board 1n an inkjet recording device.

2. Description of the Related Art

Conventional inkjet recording device has an inkjet head
provided with a plurality of channels and a plurality of head
terminals, a circuit board that supplies a drive signal to this
inkjet head via these head terminals, an ink cartridge that
supplies 1nk to these channels. When a drive signal supplied
from the circuit board 1s applied to the inkjet head, nk 1s
¢jected from the channels onto a recording medium under the
control of this drive signal.

In such an nkjet recording device, 1n order to apply the
driving signal to the inkjet head, the circuit board 1s connected
to the inkjet head through a flexible wiring substrate where
the terminal lands of the flexible wiring substrate and the head
terminals of the inkjet head are electrically connected by
using solder.

In recent years, with improvement in recording quality, the
arrangement density of the channels whereby 1nk 1s ejected
onto the recording medium has been increased and, accord-
ingly, the arrangements of the head terminals of the inkjet
head and of the terminal lands of the flexible wiring substrate
connected with these head terminals has been increased 1n
density. In order to achieve this, 1t 1s necessary to ensure that
solder bridges are not formed between adjacent solder por-
tions when the head terminals and terminal lands are joined
by using solder.

SUMMARY OF THE INVENTION

The present inventors have already devised a connection
structure of the terminal lands and head terminals of a tflexible
wiring circuit board whereby the wiring density of the termi-
nal lands and head terminals can be increased and short-
circuiting prevented and has made a previous application 1n
this respect (see for example U.S. Patent Application Laid-

Open No. 2004/0060969A1 )

The melting point of the solder that 1s employed for con-
necting the head terminals and terminal lands 1s about 280°
C., but 1n order to effect connection using solder, it 1s neces-
sary to raise the temperature of the solder to at least 320° C. to
330° C. or more. The coellicient of thermal expansion of the
flexible wiring substrate 1s larger than that of the inkjet head
(piezoelectric element) and the solder hardens 1n the vicinity
ol 280° C., so, when the solder 1s returned to normal tempera-
ture after electrical connection has been effected, a thermal
contraction force corresponding to the temperature diflerence
of about 260° C. always acts on the inkjet head (piezoelectric
clement).

Consequently, in order to avoid the action of such a thermal
contraction force, 1t 1s demanded to make the temperature
used to connect the head terminals of the inkjet head with the
terminal lands of the flexible wiring substrate as low as pos-

sible.

Conductive adhesive hardens at about 150° C., so consid-
eration has been given to employing conductive adhesive
instead of solder. However, since, under ordinary conditions,
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2

the conductive adhesive 1s a fluid, conductive adhesive cannot
be used as 1t 1s, mstead of solder for connecting the head
terminals and terminal lands.

The present mventors noted that conductive adhesive
reaches a non-fluid condition by semi-hardening at about 80°
C. Accordingly, 1t 1s possible to effect electrical connection of
the head terminals and terminal lands at a temperature which
1s not particularly high, by first of all applying the conductive
adhesive to the head terminals or terminal lands and produc-
ing a semi-hardened condition, then performing positioning
of the head terminals and terminal lands with the semi-hard-
ened conductive adhesive sandwiches therebetween and then
performing the final complete hardening by applying heat and
pressure; 1n this way the inventors arrived at the present
invention.

An object of the present invention 1s to provide a connec-
tion structure and a method of connection of a flexible wiring
substrate wherein thermal effects on the ikjet head (in par-
ticular the piezoelectric element) when electrically connect-
ing the head terminals of the inkjet head with the terminal
lands of the flexible wiring substrate can be reduced.

The first present invention provides a connection structure
of a flexible wiring substrate for electrically connecting an
inkjet head comprising a plurality of channels that eject 1nk
onto a recording medium and a plurality of head terminals to
which a drive signal 1s applied for ejecting ink from the a
plurality of channels, to a circuit board that supplies the drive
signal that 1s applied to the inkjet head, wherein

the flexible wiring substrate has a plurality of terminal
lands arranged respectively corresponding to the plurality of
head terminals on one face of a strip-shaped insulator having
flexibility, a plurality of leads being independently connected
with the respective plurality of terminal lands,

the msulator 1s provided with a plurality of through-holes
in the position of arrangement of the terminal lands, whereby
the terminal lands are respectively exposed on the other face
of the insulator, and

the terminal lands and the head terminals are electrically
connected by conductive adhesive through the plurality of
through-holes.

In this way, since conductive adhesive 1s employed for
clectrically connecting the terminal lands of the tlexible wir-
ing substrate and the head terminals of the inkjet head and the
temperature required for hardening this 1s lower than the
melting point of solder, 1t becomes possible to lower the
required heating temperature for effecting electrical connec-
tion below that required in the case of solder. Thus the thermal
clfects (such as the thermal contraction force on returning to
normal temperature) on the inkjet head (in particular the
piezoelectric element) due to such heating can be reduced. In
addition, 1t 1s possible to 1solate the leads from the head
terminals or conductive adhesive by means of the insulator,
since the terminal lands and the head terminals are connected
by conductive adhesive through the through-holes from one
face of the msulator where the one face 1s opposite to the side
where the plurality of terminal lands and the leads that are
connected with this plurality of terminal lands are arranged.
In this way, even when the amount of conductive adhesive 1s
large, there 1s no possibility of short-circuiting of adjacent
leads or terminal lands by this conductive adhesive.

The second present invention provides a connection struc-
ture of a flexible wiring substrate for electrically connecting,
an 1nkjet head comprising a plurality of channels that eject ink
onto a recording medium and a plurality of head terminals to
which a drive signal i1s applied for ejecting ink from the
plurality of channels, to a circuit board that supplies the drive
signal that 1s applied to the inkjet head, wherein
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the flexible wiring substrate has a plurality of terminal
lands arranged respectively corresponding to the plurality of
head terminals on one face of a strip-shaped 1nsulator having
flexibility, a plurality of leads being independently connected
with the respective plurality of terminal lands,
the one face of the msulator 1s covered with an isulating
film and a plurality of exposure holes are provided 1n the
insulating film that respectively expose the plurality of termi-
nal lands, and

the terminal lands and the head terminals being electrically
connected by conductive adhesive through the plurality of
exposure holes.

In this way, similarly in the case of the first present inven-
tion, since conductive adhesive 1s employed for electrically
connecting the terminal lands and the head terminals, thermal
elfects on the mkjet head due to this heating can be reduced.
In addition, since the terminal lands and the head terminals
are connected by conductive adhesive through the exposure
holes of the msulating film that covers the face on the side
where the terminal lands of the msulator and the leads are 1s
arranged, 1solation from the conductive adhesive between the
leads or between the terminal lands can be effected by the
insulating film. This 1s also the same as 1n the case of the first
present invention. In this way, even when the amount of
conductive adhesive 1s large, there 1s no possibility of short-
circuiting of adjacent leads or terminal lands by this conduc-
tive adhesive.

In the first and second present invention, it 1s preferable that
the insulator of the flexible wiring substrate facing the periph-
eral region of the mkjet head 1s connected with the peripheral
region through conductive adhesive.

In this way, 1t 1s possible to prevent unnecessary force from
outside being directly applied to the joints of the head termi-
nals and terminal lands.

In the first and second present imnvention, 1t 1s also prefer-
able that a common electrode of the 1nkjet head, that 1s taken
to be at earth potential, and earth wiring of the flexible sub-
strate facing this common electrode are electrically con-
nected through conductive adhesive.

In this way, by electrically connecting the common elec-
trode of the inkjet head with the earth wiring of the flexible
substrate by means of conductive adhesive, the joining
strength 1s guaranteed by the conductive adhesive and the
conductive adhesive can also be made to act as part of the
carth wiring constituting the drive signal wiring.

The third present invention provides a connection method
for electrically connecting, through a flexible wiring sub-
strate, an ikjet head comprising a plurality of channels that
¢ject ik onto a recording medium and a plurality of head
terminals to which 1s applied a drive signal for ejecting ink
from the plurality of channels, to a circuit board that supplies
the drive signal that 1s applied to the mkjet head, wherein

the flexible wiring substrate has a plurality of terminal
lands arranged respectively corresponding to the plurality of
head terminals on one face of a strip-shaped insulator having,
flexibility, a plurality of leads being independently connected
with the respective plurality of terminal lands,

a plurality of through-holes are provided 1n the position of
arrangement of the terminal lands of the insulator, whereby
the plurality of terminal lands are respectively exposed on the
other face of the insulator,

conductive adhesive 1s arranged on the terminal lands or
the head terminals 1n the through-holes, and the conductive
adhesive 1s semi-hardened by heating,

the terminal lands and the head terminals are made to face
each other, with the adhesive sandwiched therebetween, and
these two are connected and fixed with the adhesive that has
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thus been semi-hardened. Herein, the expression of “the ter-
minal lands and the head terminals are made to face each
other with the adhesive sandwiched therebetween, and these
two are connected and fixed with the adhesive that has thus
been semi-hardened” includes not merely the case where the
terminal lands and head terminals are connected and fixed
solely by this semi-hardened adhesive but also the case where
they are connected and fixed using fresh conductive adhesive
by adding such semi-hardened adhesive.

In this way, the terminal lands and the head terminals are
connected and fixed by arranging conductive adhesive on the
terminal lands or head terminals 1n the through-holes, heating,
this conductive adhesive so as to produce semi-hardening
thereof so that 1t does not tlow, and making the terminal lands
and head terminals face each other with the adhesive sand-
wiched therebetween 1n this semi-hardened condition. In this
way, since the heating temperature that 1s necessary for effect-
ing electrical connection can be made lower than 1n the case
where solder 1s employed, the connection and fixing can be
achieved with the thermal effects on the inkjet head due to this
heating being reduced. In addition, the respective terminal
lands that are arranged on one face of the insulator are
exposed at the other face through the through-holes, with the
result that connection and fixing with the head terminals 1s
elfected by means of the conductive adhesive through these
through-holes. Also, since the individual terminal lands and
the leads that are connected therewith are provided on the one
face of the insulator, 1solation between the leads and/or
between the terminal lands 1s effected from the conductive
adhesive by means of the msulator, so short-circuiting does
not occur even 1f there 1s a large amount of conductive adhe-
SIVE.

The fourth present invention provides connection method
for electrically connecting, through a flexible wiring sub-
strate, an inkjet head comprising a plurality of channels that
eject ik onto a recording medium and a plurality of head
terminals to which 1s applied a drive signal for ejecting 1nk
from the plurality of channels, to a circuit board that supplies
the drive signal that 1s applied to the inkjet head, wherein

the flexible wiring substrate has a plurality of terminal
lands arranged respectively corresponding to the plurality of
head terminals on one face of a strip-shaped insulator having
flexibility, a plurality of leads being independently connected
with the respective plurality of terminal lands,

the one face of the mnsulator 1s covered with an msulating
f1lm and a plurality of exposure holes for respectively expos-
ing the plurality of terminal lands are provided in the msulat-
ing {ilm,

conductive adhesive 1s arranged on the terminal lands or
the head terminals 1n the exposure holes, and the conductive
adhesive 1s semi-hardened by heating, and

the terminal lands and the head terminals are made to face
each other, with the adhesive sandwiched therebetween, and
these two are connected and fixed with the adhesive that has
thus been semi-hardened.

In this way, similarly in the aforementioned inventions,
since the terminal lands and the head terminals are connected
and fixed using conductive adhesive, thermal effects on the
inkjet head due to this heating can be reduced when the
connecting and {ixing 1s performed. In addition, the respec-
tive terminal lands arranged on one face of the insulator are
exposed through exposure holes provided in the insulating
f1lm that covers the upper surface thereof, and connecting and
fixing with the head terminals 1s performed by the conductive
adhesive through these exposure holes. Also, 1solation from
the conductive adhesive between the individual terminal
lands and/or between the leads that are connected therewith 1s
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cifected by the insulating film, so short-circuiting cannot
occur even 1f the amount of conductive adhesive 1s large.

In the third and fourth present inventions, 1t 1s preferable
that, the connecting and fixing of the adhesive includes pro-
cessing to perform complete hardening of the conductive
adhesive by heating at a temperature that 1s higher than the
temperature of the semi-hardening.

In this way, complete hardening of the conductive adhesive
occurs due to the heating at a temperature that 1s higher than
the temperature of the semi-hardening, so reliable connection
and fixing of the terminal lands and head terminals 1is
achieved. In addition, the temperature that 1s used for this
complete hardening 1s lower than the melting point of solder,
s0, even 1n the case of this complete hardening, the connect-
ing and fixing can be achieved with little thermal effect pro-
duced by this heating.

In the third and fourth present invention, 1t 1s also prefer-
able that, the conductive adhesive 1s a solventless adhesive
that does not contain volatile solvent.

In this way, since the conductive adhesive 1s a solventless
adhesive that does not contain volatile solvent, 1t does not
interfere with joining of the terminal lands and head termi-
nals.

As described above, according to the present invention, the
head terminals (of the inkjet head) and the terminal lands (of
the flexible wiring substrate) are electrically connected using,
a conductive adhesive whereot the temperature that 1s neces-
sary for semi-hardening or hardening 1s lower than the melt-
ing point of solder so the heating temperature necessary for
achieving the electrical connection can be made lower and the
thermal effects on the inkjet head due to the heating when the
head terminals and terminal lands are connected can be
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing the relationship
between an inkjet head and a flexible wiring substrate accord-
ing to an embodiment of the present invention;

FI1G. 2 15 an exploded perspective view showing details of
the construction of the inkjet head;

FIG. 3 15 a cross-sectional view to a larger scale showing
the vicinity of a head terminal on the 1nkjet head;

FIG. 4 1s a cross-sectional view to a larger scale showing
the vicinity of a head terminal on the 1nkjet head;

FIG. 5 1s a cross-sectional view to a larger scale showing
the connected condition of a head terminal on the inkjet head
and a terminal land on the flexible wiring substrate;

FIG. 6 15 a cross-sectional view to a larger scale showing
the vicinity of a terminal land on the flexible wiring substrate
according to another embodiment;

FIG. 7 1s a cross-sectional view to a larger scale showing
the vicinity of a terminal land of the flexible wiring substrate
according to another embodiment;

FIG. 8 15 a cross-sectional view to a larger scale showing
the connected condition of a head terminal on the 1nkjet head
and a terminal land on the flexible wiring substrate according
to another embodiment; and

FI1G. 9 1s aperspective view showing the condition in which
conductive adhesive 1s arranged at the periphery of a piezo-
clectric actuator according to another embodiment.

DESCRIPTION OF THE PR
EMBODIMENTS

L1

FERRED

An embodiment of the present invention 1s described below
with reference to the drawings.

10

15

20

25

30

35

40

45

50

55

60

65

6

FIG. 1 1s a perspective view showing the relationship
between an 1nkjet head and a flexible wiring substrate accord-
ing to an embodiment of the present invention.

As shown 1 FIG. 1, one end of a strip-shaped flexible
wiring substrate 12 1s connected with an inkjet head 11 and its
other end 1s connected with a driver circuit board (not shown)
that supplies a drive signal that 1s applied to the inkjethead 11.
It should be noted that, 1n this driver circuit board, a connector
that 1s provided at the end on the opposite side to the connec-
tions side with the flexible wiring substrate 12 1s connected
with a control circuit (not shown) of the inkjet recording
device.

The inkjet head 11 has a substantially rectangular shape 1n
plan view and the flexible wiring substrate 12 has at one end
thereol a width substantially corresponding to the long side
direction of the inkjet head 11, and 1s connected so as to cover
the upper surface thereof.

The nkjet head 11 has a cavity unmit 13 1n which thin
metallic plates or the like of substantially rectangular shape
are laminated, and a piezoelectric actuator 14.

As shown in FIG. 2, the cavity umit 13 has a nozzle plate 21
provided with a large number of nozzle holes 21a arranged in
rows along the long side direction at i1ts front face, and a
plurality of intermediate plates forming ink flow paths lami-
nated successively thereupon, specifically, a total of seven
thin sheet-shaped intermediate plates, namely, a first spacer
plate 22, an auxiliary plate 23, two manifold plates 24, 25, a
second spacer plate 26, a third spacer plate 27 and a base plate
28; those are respectively joined by adhesive 1in a superim-
posed structure.

Besides the nozzle plate 21, which 1s made of a synthetic
resin (such as a polyimide resin), the other plates 22 to 28 are
made of nickel alloy steel plates, having a thickness of about
50 to 150 um. The nozzle plate 21 1s provided with a large
number of nozzle holes 21a of minute diameter (about 25 um
in the case of this embodiment), at minute intervals.

Four 1ink supply ports 31a to 31d are respectively formed at
corresponding vertical positions in one end of the base plate
28, the third spacer plate 27 and second spacer plate 26. These
four ink supply ports 31a to 314 are connected with an 1nk
outlet port (not shown) of an 1ink supply section such as an ink
accumulation chamber. The 1nk 1s supplied to a common 1nk
chamber 32 from the ink supply ports 31a to 314 and 1s then
distributed and supplied to the other end of pressure chambers
35 (channels) through a connecting tlow path 33 of the second
spacer plate 26 and a communicating hole 34 of the third
spacer plate 27. Driven by the piezoelectric actuator 14, the
ink then passes through through-holes 36 from the pressure
chambers 35 and reaches the nozzle holes 21a corresponding
to the pressure chamber 34, whence 1t 1s ejected. The pressure
chambers 35 are also provided 1n row fashion along the long
side direction corresponding to the nozzle holes 21a.

Filters 37 for removal of dust 1in the 1nk are fixed by adhe-
stve on the upper side of the ink supply ports 31a to 314 of the
base plate 28. The recess formation and/or piercing of holes
etc of the common 1nk chamber 32, connecting flow paths 33,
communicating hole 34, pressure chamber 35 and through-
holes 36 are achieved for example by etching processing,
clectrical discharge processing, plasma processing or laser
processing.

A piezoelectric actuator 14 1s then adhesively fixed 1n a
prescribed positional relationship with respect to the upper
side of this plate laminated-type cavity unit 13 described
above, with an adhesive sheet (not shown) made of an 1nk
non-permeable synthetic resin iterposed therebetween as
adhesive.
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Next, the construction of the connection portion of a head
terminal 11a of this head unit 11 (piezoelectric actuator 14)
and terminal land of the flexible wiring substrate 12 will be
described. Surface electrodes 115 substantially 1n the form of
strips are arranged 1n rows on the piezoelectric actuator 14 of
the inkjet head 11 and substantially rectangular-shaped head
terminals 11a are provided in respectively matching positions
of an electrode (terminal land 125, to be described) corre-
sponding to the flexible wiring substrate 12 on the surface
clectrodes 115.

The flexible wiring substrate 12 1s a substrate in which
copper foil 1s fixed on one face of an insulator made of a
strip-shaped polyimide film and a wiring pattern 1s provided
thereon by for example etching. As described above, terminal
lands 1254 are respectively provided at positions correspond-
ing to these head terminals 11q at one end of this insulator.
The terminal lands 125 are respectively provided at the ends
of respective independent leads forming the wiring pattern,
leads connected with the other terminal lands 125 being pro-
vided so as to pass through between the positions of arrange-
ment of these terminal lands 1254.

As shown 1n FIG. §, the insulator 12q of the flexible wiring
substrate 12 has terminal lands 126 arranged in one face
thereot, while through-holes 12¢ are provided from the other
face by known processing methods such as laser processing,
plasma etching processing, or electrolytic etching processing.
The terminal lands 125 are exposed to the other face of the
flexible wiring substrate 12 through these through-holes 12c.
Also, these through-holes 12¢ are formed such that the size of
the exposed portions of the terminal lands 1256 1s one size
smaller than the peripheries of the terminal lands 126. Fur-
thermore, the areas of these exposed portions are smaller than
the areas of the head terminals 11a of the mnkjet head 11.

Next, a method of connecting the 1nkjet head 11 of this
structure with the flexible wiring substrate 12 will be
described. It should be noted that the copper foil that 1s fixed
on one face or the insulator 12a of the tlexible wiring sub-
strate 12 1s subjected to processing such as etching so that a
wiring pattern comprising a plurality of terminal lands 125
and leads and terminals that are respectively independently
connected therewith 1s formed.

As shown 1n FIG. 4, conductive adhesive 41 1s applied 1n
conveXx shapes by metal mask printing onto the head terminals
11a on the side of the piezoelectric actuator 14. The height of
the adhesive after printing 1s about 50 um. This conductive
adhesive 41 1s then semi-hardened by heating to a tempera-
ture lower than 1ts hardening temperature (for example 210°
C.). For example, the conductive adhesive 41 1s semi-hard-
ened under the conditions of heating for 5 minutes at a tem-
perature ol 150° C. 1n an oven. As this conductive adhesive 41
there may be employed a solventless adhesive that does not
contain volatile solvent, such as “Dotent” NH 070A(T),
manufactured by the Japan Solder Company Ltd.

Next, as shown 1n FIG. 5, the flexible wiring substrate 12 1s
aligned 1n position onto the terminal heads 11a of the piezo-
clectric actuator 14 such that the terminal lands 1256 of the
flexible wiring substrate 12 face the respective corresponding
head terminals ha of the piezoelectric actuator 14, superim-
posed on and sandwiching the semi-hardened conductive
adhesive 41; pressure and heating are then applied using a
heater bar, to perform complete hardening of the conductive
adhesive 41. Conditions 1n this case are 210° C., 10 minutes,
the pressurizing force being 1 kgl over 64 joints in this
embodiment. When the conductive adhesive 41 1s heated to
perform complete hardening, the conductive adhesive 41 con-
forms to the terminal lands 125, making tight contact there-
with by superimposition of the flexible wiring substrate 12
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and the piezoelectric actuator 14 and thus spreads through the
entire through-holes 12¢, achieving electrical connection of
the terminal lands 126 and head terminals 11a.

Further, since, as described above, the area of the exposed
portions of the terminal lands 125 1s smaller than the area of
the head terminals 11a of the inkjethead 11, when the flexible
wiring substrate 12 and the piezoelectric actuator 14 are
superimposed, the edges of the head terminals 11a are
obstructed by the mner peripheral surface of the through-
holes 12¢, so that tight contact of the facing head terminals
114 and terminal lands 1256 cannot be achieved. In addition,
the aperture area of the through-holes 12¢ 1s formed to be
larger towards the aforementioned other face side 1n the thick-
ness direction of the flexible wiring substrate 12. Conse-
quently, 1n order to achieve complete hardening, when the
flexible wiring substrate 12 and the piezoelectric actuator 19
are superimposed, contact 1s effected with the terminal lands
1256 with the conductive adhesive 41 abutting inclined faces
of the msulator 12a (polyimide film) that open 1n tapered
fashion. By performing the complete hardening processing
for a prescribed time (10 minutes in the case of this embodi-
ment), the conductive adhesive 41 1s fixed to the terminal
lands 126 and electrical contact with the corresponding head
terminals 11a 1s perfected. During this process, the conduc-
tive adhesive 41 1s temporarily soiftened. A portion thereof
spreads along the inclined faces of the insulator 12a, though
the amount depends on the amount of conductive adhesive 41

applied beforehand. Stmultaneously with this, the conductive
adhesive 41 comes 1nto contact also with these inclined faces,
contributing to improved strength of the joints. It should be
noted that i1if for example a metallic joining material 1s
employed, such as solder, this does not conform so easily to
the resin material such as polyimide. Different from this
embodiment, an effect of improved joining strength by adhe-
s1on also with the inclined faces of the mnsulator 12a cannot
therefore be expected 1n case of using solder. Also, although
the conductive adhesive 41 softens during complete harden-
ing, 1t cannot melt to a liguid condition as does solder, so 1t
cannot spread far enough to flow out at the periphery and
produce short-circuiting with the adjacent head terminals

11a.

Next, a method of connecting a piezoelectric actuator 14
and flexible wiring substrate 12' according to another
embodiment of the present invention will be described with
reference to FIGS. 6 to 8.

As shown 1n FIG. 6, 1n the case of the flexible wiring
substrate 12', in the same way as in the above-mentioned
embodiment, copper toil 1s stuck onto one face of an 1insulator
12a and a wiring pattern 1s formed thereon by processing such
as etching. One entire face of the insulator 12« that 1s formed
with this wiring pattern 1s then covered by covering with a
thin-film resist 124 (insulating film) made of an insulator
(such as photoresist or dry film). This resist 124 protects the
terminal lands 125 and/or leads that are formed on the 1nsu-
lator 12a from being easily short-circuited. Respective expo-
sure holes 12¢ are provided in positions facing the terminal
lands 125 1n this resist 124; in the same way as in the case of
the through-holes 12¢, the aperture area of these exposure
holes 12¢ 1s made one size smaller than the area of the termi-

nal lands 1254.

Next, as shown 1n FI1G. 7, conductive adhesive 41'1s placed
in position on the terminal lands 125 that are exposed from the
exposure holes 12¢ of the resist 124 that covers the terminal
lands 124. Then, 1n the same way as described above, semi-
hardening of the conductive adhesive 41' 1s performed by
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heating and the adhesive 1s made to conform with the entire
exposed portions of the terminal lands 1256 by spreading the
adhesive thereover.

Then, as shown 1n FIG. 8, 1n a condition with the terminal
lands 1256 of the flexible wiring substrate 12' and the adjoining
faces of the head terminals 11a of the piezoelectric actuator
14 corresponding therewith facing, as described above, the
flexible wiring substrate 12'1s positionally aligned and super-
imposed with the piezoelectric actuator 14, and the semi-
hardened conductive adhesive 41' 1s subjected to complete
hardening by heating and pressurization; the terminal lands
126 and head terminals 11a are thereby joined, and fixed 1n an
clectrically connected condition. It should be noted that, 1n
this complete hardening processing, the flexible wiring sub-
strate 12' 1s superimposed on the piezoelectric actuator 14
facing 1n the opposite direction, but in the joining of the
conductive adhesive 41' with the terminal lands 1256, which
are 1n a semi-hardened condition, fluidity has disappeared, so
even 1f the flexible wiring substrate 12' is put in the vertically
oppositely directed facing condition, there 1s no possibility of
the conductive adhesive 41' that 1s placed thereon falling off.

In this way, by utilizing conductive adhesive 41, 41' that 1s
capable of semi-hardening or complete hardening at a tem-
perature lower than the melting point of solder, the terminal
lands 126 of the flexible wiring substrates 12, 12' are made to
101n the head terminals 11a of the piezoelectric actuator 14
facing theme, so the thermal effects (such as thermal contrac-
tion on returning to normal temperature) to which the mkjet
head (1n particular, the piezoelectric element) 1s subjected by
the heating 1n order to achieve such joining can be reduced
compared with the case where solder 1s employed.

Also, since the operation of positional alignment of the
head terminals 11a and terminal lands 125 can be performed
in a condition with the conductive adhesive 41, 41' joined to
the head terminals 11a and/or terminal lands 126 by semi-
hardening of the conductive adhesive 41, 41', there 1s no
possibility of the conductive adhesive 41, 41' becoming
detached during the positional alignment operation of the
head terminals 11a and terminal lands 1254; as a result, han-
dling 1s facilitated and ease of this operation 1s considerably
improved.

Furthermore, 1n the case of the foregoing embodiments
(FIGS. 3 to 5), connection of the terminal lands 195 and head
terminals 11a by the conductive adhesive 41 1s effected
through the through-holes 12¢ from the other face of the
insulator 12a opposite to the side where the plurality of ter-
minal lands 126 and the leads that are connected with the
plurality of terminal lands 1256 are arranged, so 1solation of
the leads can be effected from the head terminals 11a and/or
conductive adhesive 41 by means of the insulators 12a. Onthe
other hand, 1n the case of the latter embodiment (FIGS. 6 to 8),
the terminal lands 126 and head terminals 11a are connected
by conductive adhesive 41' through the exposure holes 12¢ of
the resist 12d covering the face of the insulator 12a on the side
of where the terminal lands 125 and leads are arranged, so
1solation between the leads and/or terminal lands 1256 from
the conductive adhesive 41' can be achieved by means of the
resist 124d.

Consequently, in both embodiments, even if there 1s a large
amount of conductive adhesive 41, 41', there 1s no possibility
of short-circuiting of the adjacent leads or terminal lands 1256
by this conductive adhesive 41, 41"

It should be noted that, according to the present invention,
various further modifications may of course be made. For
example,

(1) Although, 1n the above embodiments, the conductive
adhesive 41, 41' was applied only to one or other of the head
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terminals 11a of the piezoelectric actuator 14 or terminal
lands 124 of the flexible wiring substrate 12, and then semi-
hardened so as to effect electrical connection of the head
terminals 11a¢ and terminal lands 1254, 1t would also be pos-
sible to effect electrical connection between the head termi-
nals 11a and terminal lands 126 by applying the conductive
adhesive to both the head terminals 11a and terminal lands
125, respectively subjecting these to semi-hardening and then
joining these semi-hardened conductive adhesive portions.

(11) It would also be possible to ensure a sufficient gap
between the flexible wiring substrate 12 and the inkjet head
11 by increasing the height of the conductive adhesive by
applying and semi-hardening the conductive adhesive 41, 41°
solely onto one or other of the head terminals 11a of the inkjet
head 11 or the terminal lands 1256 of the flexible wiring
substrate 12 and then, on top of this, applying and semi-
hardening further conductive adhesive. In this way, 1f for
example there are members that vibrate 1n resonance with the
drive of the head 1n the vicinity of the head terminals 11a,
space for this vibration can be ensured by creating a suilicient
gap as above-mentioned, instead of employing a special
member: this 1s particularly beneficial. Also, 1t 1s possible to
elfect joiming (electrical connection) with a pressure of a
degree corresponding to lightly pressing on, so damage to the
thin 1nkjet head can be avoided, and joints of high reliability
obtained.

Also, 1t for example there are members that vibrate in
resonance with the drive of the head 1n the vicinity of the head
terminals 11a in this way, electrical connection can be
achieved by sticking on semi1 hardened conductive adhesive
portions 1n respect of the head terminals 11¢ and terminal
lands 126 1n the same way as (1) above, using further conduc-
tive adhesive 1n order to ensure suilicient space for vibration
(a sullicient gap).

(111) Also, safety in regard to problems such as short-cir-
cuiting can be improved by applying a further insulating film
comprising a resist onto the wiring pattern formed on one face
of the msulator 12q 1n this embodiment.

(1v) Alter provision of the through-holes 12¢ 1n the 1nsula-
tor 12a, by performing a wiring step, a wiring pattern may
also be formed such that the terminal lands 125 coincide with
the through-holes 12¢ 1 position. Also, heating utilizing for
example a laser may be employed instead of heating using
application of a heat bar or the like.

(v) In each of the above embodiments, as described above,
the conductive adhesive 41, 41' not only fixes the and termi-
nals 11a and terminal lands 125 but 1s also adhered onto the
insulators 12a (1n fact the inclined faces of the through-holes
12¢) of the flexible wiring substrate 12. In this way, the
joining strength between the two terminals 1s raised, but, with
a view to further maintaining this strength, 1t 1s possible to
apply conductive adhesive 41 also 1n positions of the tlexible
wiring substrate 12 facing the peripheral portions of the
piezoelectric actuator 14 and to effect fixing by semi-harden-
ing and complete hardening as described above. That 1s, in a
flexible wiring substrate connection construction wherein an
inkjet head comprising a plurality of channels (pressure
chambers) that eject ink onto a recording medium and a
piezoelectric actuator comprising a plurality of actuators for
¢jecting ink from the respective channels, and a circuit board
that supplies a drive signal that 1s applied to this inkjet head
are electrically connected, an msulator of the flexible wiring
substrate facing the periphery of the piezoelectric actuator 1s
connected with the periphery through the conductive adhe-
stve 41.

In this case, the conductive adhesive 41 may be arranged
discretely corresponding to the periphery or may be arranged




US 7,753,489 B2

11

continuously over the entire length of this periphery. Which-
ever mode 1s adopted, direct application of undesired forces
from outside to the joints of the head terminals 11a and
terminal lands 125 can be prevented.

However, with a view to avoiding inconveniences such as
generation of electrical short-circuits between the terminals
due to penetration ol ink from outside, 1t 1s effective to arrange
conductive adhesive 41 over the entire length of the periphery
of the piezoelectric actuator 14. In this case, by employing a
solventless adhesive as described above for the conductive
adhesive, interference with joining of the head terminals 11a
and terminal lands 124 can be eliminated; in other words, the
joints of the head terminals 11 and the terminal lands 124
can be sealed 1n a hermetically sealed space. If an adhesive
containing a volatile constituent were to be employed 1n this
case, the internal pressure during complete hardening would
rise, giving rise to concern regarding generation of variability
in the state of the joints ol the head terminals 11a and terminal
lands 1254. In contrast, by employing a solventless adhesive,
concerns regarding the inconveniences caused by volatile
components are made unnecessary.

Also, as shown 1n FIG. 9, if the common electrode of the
piezoelectric actuator 14, which 1s at earth potential, 1s
formed so as to be exposed at the periphery, by adopting a
mode such that the earth wiring 12g 1s arranged in the portion
of the flexible wiring substrate 14 facing this common elec-
trode, by applying conductive adhesive 41" on this common
clectrode or on the earth wiring 12g, and joining these con-
tinuously (or intermittently) with conductive adhesive 41",
this can be made to serve as a portion of the earth wiring 12¢
not only for maintaining joining strength but also 1tself pro-
viding wiring for the drive signal.

The connection structure of the present invention can be
preferably applied to a conventional 1n 1nkjet printer where,
other than the connection structure, conventional parts con-
stituting such inkjet printers can be used.

The following inkjet printers should be embraced by the
present invention.

The present invention provides an inkjet printer, compris-
ing an inkjet head, a circuit board that supplies drive signal
that 1s applied to the inkjet head, and an flexible wiring
substrate which electrically connects the inkjet head and the
circuit board, the inkjet head comprising a plurality of chan-

nels that eject ink onto a recording medium and a plurality of

head terminals to which the drive signal 1s applied for ejecting
the 1nk from the plurality of channels, wherein
the flexible wiring substrate has a plurality of terminal

lands arranged respectively corresponding to the plurality of

head terminals on one face of a strip-shaped 1nsulator having,
tflexibility, a plurality of leads being independently connected
with the respective plurality of terminal lands,
the mnsulator 1s provided with a plurality of through-holes
in the position of arrangement of the terminal lands, whereby
the terminal lands are respectively exposed on the other face
of the insulator, and

the terminal lands and the head terminals are electrically

connected by conductive adhesive through the plurality of

through-holes.

Furthermore, the present invention provides an inkjet
printer, comprising an inkjet head, a circuit board that sup-
plies drive signal that 1s applied to the inkjet head, and an
flexible wiring substrate which electrically connects the 1nk-
jet head and the circuit board, the 1inkjet head comprising a
plurality of channels that eject 1nk onto a recording medium
and a plurality of head terminals to which the drive signal 1s
applied for ¢jecting the ink from the plurality of channels,
wherein
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the flexible wiring substrate has a plurality of terminal
lands arranged respectively corresponding to the plurality of
head terminals on one face of a strip-shaped nsulator having
flexibility, a plurality of leads being independently connected
with the respective plurality of terminal lands,

the one face of the mnsulator 1s covered with an msulating
film and a plurality of exposure holes are provided 1n the
insulating film that respectively expose the plurality of termi-
nal lands, and

the terminal lands and the head terminals being electrically
connected by conductive adhesive through the plurality of
exposure holes.

The entire disclosure of the specification, claims, summary
and drawings of Japanese Patent Application No. 2004-
279397 filed on Sep. 27, 2004.

What 1s claimed 1s:

1. A connection structure of a flexible wiring substrate for
clectrically connecting an inkjet head to a circuit board that
supplies a drive signal that 1s applied to the 1inkjet head;

wherein the 1nkjet head comprises a plurality of channels

that eject ink onto a recording medium and a plurality of
head terminals to which the drive signal 1s applied for
¢jecting ink from the plurality of channels;

wherein the flexible wiring substrate has a plurality of

terminal lands arranged respectively corresponding to
the plurality of head terminals on one face of a strip-
shaped 1nsulator having flexibility, a plurality of leads
being independently connected with the respective plu-
rality of terminal lands;

wherein the one face of the insulator 1s covered with an

isulating film and a plurality of exposure holes are
provided 1n the msulating film that respectively expose
the plurality of terminal lands;
wherein the terminal lands and the head terminals are
directly electrically connected by conductive adhesive
getting 1into the plurality of exposure holes; and

wherein the isulator film of the flexible wiring substrate
facing the peripheral region of the inkjet head 1s directly
connected with the peripheral region through conduc-
tive adhesive.

2. A connection structure of a flexible wiring substrate for
clectrically connecting an inkjet head to a circuit board that
supplies a drive signal that 1s applied to the inkjet head;

wherein the inkjet head comprises a plurality of channels

that eject ink onto a recording medium and a plurality of
head terminals to which the drive signal 1s applied for
¢jecting ik from the plurality of channels;

wherein the flexible wiring substrate has a plurality of

terminal lands arranged respectively corresponding to
the plurality of head terminals on one face of a strip-
shaped isulator having flexibility, a plurality of leads
being independently connected with the respective plu-
rality of terminal lands;

wherein the one face of the insulator 1s covered with an

insulating film and a plurality of exposure holes are
provided in the mnsulating film that respectively expose
the plurality of terminal lands;
wherein the terminal lands and the head terminals are
directly electrically connected by conductive adhesive
getting into the plurality of exposure holes; and

wherein a common electrode of the inkjet head arranged on
the peripheral region of the inkjet head, that 1s taken to be
at earth potential, and earth wiring of the flexible sub-
strate facing the common electrode are directly electri-
cally connected through conductive adhesive.

3. An mkjet printer, comprising:

an 1nkjet head;
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a circuit board that supplies drive signal that 1s applied to
the inkjet head; and

a flexible wiring substrate which electrically connects the
inkjet head and the circuit board;

wherein the 1nkjet head comprises a plurality of channels 5
that eject ink onto a recording medium and a plurality of
head terminals to which the drive signal 1s applied for
¢jecting the ik from the plurality of channels;

wherein the flexible wiring substrate has a plurality of
terminal lands arranged respectively corresponding to 10
the plurality of head terminals on one face of a strip-
shaped insulator having flexibility, a plurality of leads
being independently connected with the respective plu-
rality of terminal lands;

14

wherein the one face of the insulator 1s covered with an
insulating film and a plurality of exposure holes are
provided 1n the msulating film that respectively expose
the plurality of terminal lands;

wherein the terminal lands and the head terminals are
directly electrically connected by conductive adhesive
getting into the plurality of exposure holes; and

wherein a common electrode of the inkjet head arranged on
the peripheral region of the inkjet head, that 1s taken to be
at earth potential, and earth wiring of the flexible sub-
strate facing the common electrode are directly electri-
cally connected through conductive adhesive.
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